Objective. C-peptide is a reliable marker of beta cell reserve and is associated with diabetic complications. Furthermore, HbA1c level is associated with micro-and macro-vascular complications in diabetic patients. HbA1c measurement of diabetic patients with anemia may be misleading because HbA1c is calculated in percent by taking reference to hemoglobin measurements. We hypothesized that there may be a relationship between C-peptide index (CPI) and proteinuria in anemic patients with type 2 diabetes mellitus (T2DM). Therefore, the aim of the present study was to investigate the association between C-peptide levels and CPI in anemic patients with T2DM and proteinuria.
The C-peptide level is used to demonstrate the pancreas beta cell reserve in clinical practice. C-peptide is currently accepted as an active hormonal molecule (Sari and Balci 2005) . It plays an important role in the blood glucose regulation by activating many pathways at the cell level. In addition, several studies have shown that C-peptide level may be associ-ated with microvascular complications in the patients with type 1 (T1) and type 2 diabetes mellitus (T2DM) (Luppi et al. 2013) . A negative correlation has been found between microvascular complications such as diabetic nephropathy and C-peptide levels in the patients with T1DM (Panero et al. 2009 ). On the other hand, T2DM patients with increased C-peptide levels were associated with macrovascular complications whereas decreased C-peptide levels were associated with microvascular complications (Inukai et al. 1999) .
Blood glucose regulation is very important in diabetic patients and HbA1c is one of the most important parameters for development diabetic complications (Rohlfing et al. 2002) . HbA1c level is associated with micro-and macro-vascular complications in diabetic patients (The DCCT Research Group 1995; Heisler et al. 2005) . HbA1c measurement in anemic diabetic patients may be misleading, because HbA1c is calculated in percentages depending on the hemoglobin measurements (Schnedl et al. 2000) . Although this margin of error is reduced by new biochemical methods, it is not possible to measure with same method in each center.
In the light of the previous studies, we thought that C-peptide level could predict blood glucose regulation in anemic patients rather than HbA1c, which is one of the most important parameters to predict microvascular complications. On the other hand, C-peptide level may be affected by fasting blood glucose and for that reason, we formed C-peptide index (CPI) by proportioning the C-peptide level to blood glucose. Therefore, we aimed to investigate the relation between C-peptide and CPI levels in the anemic patients with T2DM presenting proteinuria.
Materials and methods
Subjects. This retrospective study was performed in Ankara Numune Training and Research Hospital Internal Diseases Clinic between June 2018 and September 2018.
A total of 342 patients with T2DM, whose C-peptide levels were analyzed in Endocrinology and Internal medicine clinics between 2014 and 2018 with normal kidney functions (GFR >60 ml/min) and who do not use any insulin secretagogue oral antidiabetic agent (i.e. sulfonylurea) were enrolled into the study.
The study was approved in accordance with the patient rights regulation and approved by Scientific Research Evaluation Commission of Ankara Numune Training and Research Hospital on the date of 25/05/2018 with the decision number 1990-2018.
Parameters. Laboratory parameters were recorded from electronic files of the patients.
Hemoglobin <12 mg/dl was considered anemia in female patients, hemoglobin <13 mg/dl was considered anemia in male patients.
C-peptide index (CPI) (ng/mg) was calculated by the formula: fasting C-peptide immunoreactivity (FCPR) (ng/ml)/ fasting blood glucose (mg/dl) × 100.
Ratio of albumin-creatinine in the spot urine ranged from 30 to 300 mg was considered to be microalbuminuria, ratio of albumin-creatinine in the spot urine over 300 mg was considered to be overt proteinuria.
Statistical analysis. Kolmogrov-Smirnov test and Levene's test were utilized to determine the distribution of data and homogeneity of variance. Normally distributed numerical variables were expressed as mean ± standard deviation, while non-normally distributed variables were given as median (25th-75th percentile).
The significance of the difference for continuous numerical variables was analyzed by Kruskal Wallis test. If Kruskal Wallis test statistics were found to be significant, Conover test of multiple comparisons was used to determine the difference in the group(s).
When correction was done according to the age, gender, and duration of diabetes mellitus, the most determinant factor(s) for prediction of the changes in (C-peptide, CPI) measurements was detected through multiple variable regression analyses. As a result of univariate statistical analysis, the variables determined as p<0.10 were included as candidate risk factors in regression analysis. Regression coefficient, 95% confidence intervals and t statistics for each variable were calculated. Since C-peptide measurements were not normally distributed, logarithmic transformation was performed in multivariate linear regression analysis.
Data were analyzed using IBM SPSS Statistics 17.0 (IBM Corporation, Armonk, NY, USA). Results for p<0.05 were considered statistically significant.
Results
Hemoglobin levels were present in 342 patients with T2DM. Among 342 cases, 258 (75.4%) were nonanemic, while 84 (24.6%) were anemic.
The median DM duration of the anemic group was statistically significantly higher in T2DM (p=0.003). There was no statistically significant difference found in proteinuria prevalence between non-anemic and anemic groups (p=0.690 and p=0.748, respectively). Low-density lipoprotein (LDL) cholesterol and high-density lipoprotein (HDL) cholesterol were statistically similar between the non-anemic group and anemic group (p=0.053 and p=0.096, respectively). C-peptide and CPI levels were statistically similar between the non-anemic group and anemic group (p=0.062 and p=0.170, respectively) (Table 1) . C-peptide and CPI levels were not statistically significant in anemic patients with T2DM (p>0.05) ( Table 2) .
Anemic patients with T2DM were corrected according to the age, gender and duration of DM. C-peptide and CPI levels detected were not statistically significant to predict proteinuria (p=0.449 and p=0.465, respectively) ( Table 3 ).
Discussion
Three important outcomes can be depicted from the present study. First, the duration of diabetes was longer in T2DM patients with anemic than in nonanemic DM patients. Second, there was not statistically significant difference found in C-peptide and 
CPI levels between anemic and non-anemic groups.
Previous studies have shown that a negative correlation with anemia and C-peptide levels and this may be the result of a large sample size. Third, we found that C-peptide and CPI were not significant to predict proteinuria in anemic diabetic patients.
In fact, it has long been known that anemia is very common in T2DM patients (Thomas et al. 2003 ). Diabetic patients with or without diabetic nephropathy were shown to have a decrease in hemoglobin concentrations over time (Zoppini et al. 2010) . In addition, it is thought that beta cell loss may be secondary to anemia-induced tissue hypoxia (Thomas 2007) . It has been demonstrated that hypoxia-induced oxidative stress may be associated with diabetic progression in experimental models, particularly in the loss of beta cell reserve (Sato et al. 2011; Gerber and Rutter 2017) . Sato et al. (2014) have also found that insulin secretion decreased with hypoxia. In another study supporting this issue has reported that patients with obstructive sleep apnea have an increased risk of diabetes secondary to chronic hypoxemia (Botros et al. 2009 ). Furthermore, beta cell loss due to hypoxia has been found to be associated with apoptosis (Butler et al. 2003) . The cross-sectional studies have shown that T2DM patients have a relationship between beta cell reserve and anemia (He et al. 2015; Chung et al. 2017 ). In addition, increased oxidative stress and free oxygen radicals due to anemia have been shown to cause pancreatic beta cells to be more susceptible to oxidative stress (Kundu et al. 2013 ). Furthermore, there has been a negative correlation between anemia and C-peptide levels described (Chung et al. 2018) . Previous studies have shown an association between anemia and organ damage due to diabetes mellitus and an increase in the incidence of microvascular complications (Thomas 2007; Hosseini et al. 2014) . Furthermore, anemia is associated with an increased risk of diabetic retinopathy (Ranil et al. 2010) . It has been shown that diabetic nephropathy progresses rapidly with anemia (Mohanram et al. 2004) .
In other studies, the relationship between diabetic nephropathy and C-peptide, which is considered as active hormonal molecule, has been investigated. Recently, it has been shown that there was an inverse association between CPI and the diabetic nephropathy (Samnegard et al. 2001; Hills et al. 2010 ). We could not find any study in the literature regarding the prediction of proteinuria in anemic T2DM patients with C-peptide level and CPI. To the best of our knowledge, this is the first study to evaluate the relationship between C-peptide and CPI levels with proteinuria in the anemic patients with T2DM.
CPI is more accurate predictive beta cell function than C-peptide measurements (Kim et al. 2016 ). Furthermore, if significant hyperglycemia persists, C-peptide levels may also be found to be lower than normal due to glucose toxicity (Jones and Hattersley 2013) . Besides, since glucose itself is a great stimulant for pancreas cells, insulin secretion is increased by the amount of high glucose (Saisho 2016) . For that reason, the C-peptide level may also be higher than normal. Therefore, level of C-peptide should be adjusted by glucose for evaluation of beta cell function. CPI is formed by dividing the C-peptide level into fasting blood glucose (Lee et al. 2014) . In many studies, CPI has been found to be more closely associated with beta cell function, insulin requirement, and microvascular complications (Saisho et al. 2013; Lee et al. 2014; Saisho 2016; Bando et al. 2018) . In our study, we could not demonstrate that CPI is used to predict proteinuria in anemic patients. The size of research populations may have led to these results. Obviously, further studies with a larger number of patients and a longer observation period are needed to address this issue.
The present study has some limitations including single center design and limited number of the patients, lack of causes for anemia detected data recording from the system. Moreover, prospective randomized controlled trials are needed to determine the causal relationship between anemia and C-peptide levels.
Consequently, this study sheds light to the association between C-peptide, CPI and anemic diabetic nephropathy in T2DM patients.
